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Abstract
Despite the fact that progress of burn treatment has led to a diminution in the morbidity 
caused by burns, burn infection is still a significant  problem. Injury to the skin causes a 
rupture in the protective layer surrounding the body. Many pathogens are resistant to 
antibiotics, rendering conventional treatment less effective. In this study, the airbrushing 
of  blending  polymers  such  as  chitosan,  gelatin,  PCL,  PLGA  have  been  investigated. 
Electrospun nanofibers also have certain limitations like to target any particular part of 
skin due to the irregular shape of organs. This led to the use of the airbrushing technique 
as an alternate novel technique that overcomes those limitations. we designed blended 
polymers nanofibers in accordance with a healing time of 2nd degree and 3rd-degree skin 
burns for tissue regeneration. The nanofiber scaffolds containing polymers should not 
only serve as a substrate for skin regeneration but may also deliver growth factor and 
would provide a micro environment, within a controlled manner during healing. Therefore, 
it  could  accelerate  the  burn-wound  closure  rate.  We  confirmed  that  chitosan/gelatin 
nanofiber scaffolds  lead to enhanced regeneration of burn-wounds. 
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CHAPTER 1
INTRODUCTION
Injury to the skin responsible for causing a rupture in the protective layer surrounding the 
body[1,2,3].  Numerous  pathogens  are  resistant  to  antibiotics,  making  conventional 
treatment less efficacious.  In this review nanofibers, and the incorporation of growth 
factor in these scaffolds, are discussed as an alternative way to control skin infections 
and  tissue  regeneration.  Airbrushing  as  a  technique  to  prepare  in  situ  formation  of 
nanofibers is discussed.  Severe damage to skin and loss of the epidermis layer  reveals 
underlying tissue is responsible for secondary infections [1]
In the last years, health care domain encounter with getting an increasing number of 
patients suffering from wounds and burns is very hard to treat and heal.  During the 
process of wound healing , the dressing defends the injury and help in the recovery of 
dermal and epidermal tissues. A burn is the type of an injury to the skin or organic tissue 
primarily  caused  by  heat,  radiation,  electricity,  radioactivity,  friction  or  contact  with 
chemicals.[4]
I.1 Cost and Prevalence of Wounds :
A wound is described as a disruption of normal anatomic structure and function. Skin 
wound  treatment  is  a  diverse  part  of  the  health  care  system,  inclusive  surgical  and 
accidental lacerations,  pressure ulcers, diabetic, burns and venous ulcers.  Non-healing 
and chronic wounds are especially costly because they require repetitive treatments; for 
example, a diabetic human foot ulcer typically costs $50,000 to treat. Chronic wounds 
affect  1%  of  the  population  at  any  given  time  [5,6].  In  numerous  high-income  and 
developed  countries,  burn  death  rates  have  been  diminishing,  and  the  rate  of  child 
deaths from burns is currently over 7-8 times higher in low- and middle-income countries 
than  in  high-income  countries.  Non-fatal  burns  are  a  directional  cause  of  incidence 
including  prolonged  hospitalization,  deformity,  and  disability,  often  with  subsequent 
stigma and rejection. In India, over 1 000 000 people are passably or gravely burnt every 
1
year. Burns are a worldwide public well-being problem, accounting for an estimated 265, 
000 deaths yearly. the most of these cases were seen in low and middle-income countries 
and almost one-half occur in the WHO South-East of Asia Region.[5]
1.2 Tissue regeneration:
Tissue engineering is the science that involves the combination  of engineering, cell and 
materials methods, and appropriate physicochemical and biological factors to improve or 
restore biological  functions.  Tissue engineering includes the use of  a  scaffold  for  the 
creation of new viable tissue for a medical goal. While it was once classified as a sub-field 
of biomaterials, having  grown in scope and value it can be reasoned as a field in its own 
right. 
While most of the definitions of tissue engineering cover a wide range of applications, in 
practice the term is intimately associated with applications that repair or restore portions 
of or whole tissues (i.e., bone, cartilage, blood vessels, skin, muscle, bladder etc.). Often, 
the  issues  involved  require  various  structural  and  mechanical  properties  for  actual 
functioning. The term has also been applied to efforts to perform particular biochemical  
functions  using  cells  within  an  artificially-generated  support  system (e.g.  an  artificial 
pancreas, or a bioartificial liver or artificial pancreas. ). 
The term regenerative medicine is often used correspondingly  with tissue engineering, 
although those participating in regenerative medicine place more emphasis on the use of 
progenitor cells or stem cell to produce tissues. In another word, Tissue engineering is the 
step-wise procedure of a combination of cells, engineering and material methods, and 
appropriate  biochemical   physiochemical  factors  to  ameliorate  or  replace  biological 
functions. Tissue-regeneration strategies are often classified into three categories:
(i) Direct injection of bolus cells into the systematic circulation or tissue of involvement.
(ii) Implantation of cells subsequently they have been united to form a three-dimensional 
tissue structure, often inside a bioreactor.
(iii) Scaffold-based delivery of signaling molecules such as low-molecular-weight drugs, 
oligonucleotides, and protein that excite cell migration, growth, and differentiation. 
Scientific  progress  in  stem  cells,  biomaterials,  growth  and  proliferation  factors,  and 
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biomimetic environments have made incomparable possibility to fabricate some tissues 
in the lab from a collection of engineered Extracellular matrices , cells, materials and 
biologically  active  molecules.  Among  the  leading  challenges  now  facing  tissue 
engineering is the demand for more complex functionality, as well as both structural and 
biomechanical  strength  and  stability  in  laboratory-grown  tissues  oriented  for 
transplantation.
                               Figure 1.2.1  Strategies of tissue engineering
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CHAPTER 2
LITERATURE REVIEW:
In this review, the overview of the principle of airbrush technique and advantages and 
importance over electrospinning method, polymers for in-situ formation of scaffolds, the 
various  solvent  system for  scaffold  composition,  Mechanism for  healing  skin  burn  or 
chronic wound, the sequence of growth factor involved in a healing process.
2.1 Skin : 
skin consist of three layer that is epidermis.,Dermis and hypodermis .Blood capillaries 
around beneath the epidermis, and are associated to an arteriole and a venule. Arterial 
shunt vessels can be bypass the network in ears, the nose, and fingertips.[2] The dermis  
is  the  2nd  layer  of  skin  below  the  epidermis  that  consists  of  connective  tissue  and 
cushions the body from strain and stress. 
The hypodermis lies below the dermis that is not  part  of the skin. Its  purpose is to  
connect the skin to  the underlying muscle and bone as well as supplying it with nerves 
and blood vessels. Basically, there is three type of skin burn that is First-degree burn, 
Second-degree burn, Third-degree burn.
 Our objectives are based on second or third-degree burn in which there is the destruction 
of both epidermis and dermis.[3,4]
A burn is a type of injury to skin, or other tissues, caused by heat, electricity, chemicals, 
friction, or radiation.[1] Most burns are due to heat from hot liquids, solids, or fire. Among 
women in many areas of the world the risk is related to the use of open cooking fires or  
unsafe cook stoves. Alcoholism and smoking are other risk factors. Burns can also occur 
as a result of self harm or violence between people
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Table 2.1.1 :  Types of  skin burns and their mechanism
      Type         Layer 
involved
  Visual 
aspect 
   Healin
g time
   Prognosis           R.f
Superficial 
(1st-
degree)
         Epidermis      painful      5- 10 
day
Heals  well  and 
repeated 
sunburns  can 
increase  the 
chance of cancer 
later in life
       [68,69]
Superficial 
partial 
thickness 
(2nd-
degre
Widen  into 
superficial 
(papillary) 
dermis
 Extreme 
painful
  Less 
than  2-3 
week
 Localized 
infection/ 
cellulitis  but  no 
scarring typically
   
          [67,70]
Deep 
partial 
thickness 
(2nd-
degree)
Extends  into 
shallow 
(reticular) 
dermis
 Pressure 
and irritation
       3–8 
week
Scarring, 
contractures 
(may  need 
excision and skin 
grafting)
 
          [68,71]
Full 
thickness 
(3rd-
degree)
Extends 
through  entire 
dermis
     Painless   Prolong
ed 
month
Scarring, 
contractures, 
amputation 
(early  excision 
recommended)
          [70,72]
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Complications
A number of complications may occur, with infections being the most common.[6] In 
order of frequency, potential complications include: pneumonia, cellulitis, urinary tract 
infections and respiratory failure.[6] Risk factors for infection include: burns of more than 
30% TBSA, full-thickness burns, extremes of age (young or old), or burns involving the 
legs or perineum.[70] Pneumonia occurs particularly commonly in those with inhalation 
injuries.[12]
Anemia  secondary  to  full  thickness  burns  of  greater  than  10% TBSA  is  common.[4] 
Electrical burns may lead to compartment syndrome or rhabdomyolysis due to muscle 
breakdown.[12] Blood clotting in the veins of the legs is estimated to occur in 6 to 25% of 
people.[12] The hypermetabolic state that may persist for years after a major burn can 
result in a decrease in bone density and a loss of muscle mass.[38] Keloids may form 
subsequent  to  a  burn,  particularly  in  those  who  are  young  and  dark  skinned.[67] 
Following a  burn,  children may have significant  psychological  trauma and experience 
post-traumatic  stress  disorder.[71]  Scarring  may also  result  in  a  disturbance  in  body 
image.[71]  In  the  developing  world,  significant  burns  may  result  in  social  isolation, 
extreme poverty and child abandonment.[15] 
2.2 Skin healing :
Hemostasis  :  Within  the  first  few  minutes  of  injury,  platelets  in  the  blood  begin  to 
implement to the injured site. This trigger the platelets, causing a few things to happen. 
they release chemical signals to promote clotting. This outcome in the activation of fibrin, 
that acts as "glue" to bind platelets to each other. This makes a clot that serves to plug 
the break in the blood vessel, slowing/preventing further bleeding.[4,5] 
Inflammation:  During this phase,  battered and dead cells  are cleared out,  along with 
bacteria and otherpathogens or debris. This occur through the process of phagocytosis, 
where white blood cells "eat" debris by engross it.[6] Platelet-derived growth factors are 
released  into  the  wound  that  cause  the  migration  and  division  of  cells  during  the 
proliferative phase.[7]
Proliferation:  In  this  phase,  angiogenesis,  collagen  deposition,  granulation  tissue 
formation,  epithelialization,  and  wound  contraction  occur.  In  angiogenesis,  vascular 
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endothelial cells form new blood vessels. In fibroplasia and granulation tissue formation, 
fibroblasts  grow and form a  new,  provisional  extracellular  matrix  (ECM)  by  excreting 
collagen  and  fibronectin.  Concurrently,  re-epithelialization  of  the  epidermis  occurs,  in 
which epithelial cells proliferate and 'crawl' a top the wound, providing cover for the new 
tissue.[8]
Maturation : During maturation and remodeling, collagen is adjust along tension lines, 
and  cells  that  are  no  longer  required  are  removed  by  programmed  cell  death,  or 
apoptosis.[8]
2.3 Airbrush technique as an alternate technique : 
 Although electrospinning has been the most common approach for fabricating nanofiber 
scaffolds, airbrushing approaches have also been advanced for making nanofibers. For 
airbrushing, compressed gas is used to blow polymer solution through a small  nozzle 
which shears the polymer solution into fibers. Our goals were
1) to assess the versatility of airbrushing,
2) to compare the properties of airbrushed and electrospun nanofiber scaffolds an
3)  to  test  the  ability  of  airbrushed  nanofibers  to  support  stem  cell  differentiation.
[20,21,22]
IMPORTANCE OF AIRBRUSH TECHNIQUE ARE AS FOLLOW :-
1. Air brush technique is simple and easiest method to prepare nanofibre scaffold
2. This method is 100 times less expensive than electrospining method.
3. The procedure is much faster than electrospining method.
4. Air brush can be able to produce nanofibre of compendious pore size. ( 100- 160 nm is 
optimum size )
5. Scaffold obtained from air brushed technique has ability to provide a specific micro 
environment that helps in cell proliferation and cell growth.
6. As human organs such as hand, leg, finger have irregular shape and different size but 
by this technique it's easy to prepare in situ formation of scaffold for skin regeneration.
7.Viability of  cell  is much more than electrospum mats during formation of insitu cell 
7
-Nanofibre construct 
An air brushing method for making nanofiber scaffolds has been compared to the more 
common electrospinning approach, but several studies suggested that it can support cell 
proliferation, celldifferentiation and help in healing process. A compared studied revealed 
the result that fibre preparedfrom air brush technique have somewhat low compactness 
but it is more cheaper and fast method to prepare nanofibre as compared to electrospum 
fibre. [9,16,17,18,19]
2.4 Polymers: 
Generally biodegradable polymers are used for the preparation of scaffolds polymers are 
of  various  types  such  as  natural  polymers  or  synthetic  polymers.  basically  there  are 
certain polymers such as collagen, gelatin, fibrin fibrnopectin, Chitosan, starch, alginate, 
pectin,  PGLA,  PLA,  PEG,  polypropylene,  PCL are  used for  making polymeric  scaffolds. 
selection of polymers are usually based on specific factors and various properties such as 
therapeutic factor, physiological factor, stability,compatibility, blending property. a brief 
review of  polymers  that  are  compatible  for  the  prepartion  of  insitu  nanofibre.  Those 
natural polymers have specific characteristics and degradation rate in the range of 30-40 
days as healing time of 2nd degree burn is about of nearly more than one month. some 
natural  polymers  such  as  polysaccharides  (alginates,  chitin,  chitosan,  heparin, 
chondroitin),  proteoglycans  and proteins  (collagen,  gelatin,  fibrin,  keratin,  silk  fibroin, 
eggshell  membrane)  are  extensively  used  in  wounds  and burns  management.[23-26] 
Obtained  by  electrospinning  technique,  some  synthetic  polymers  like  biomimetic 
extracellular  matrixmicro/nanoscale  fibers  based  on  polyglycolic  acid,  polylactic  acid, 
polyacrylic  acid,  poly-  -  ɛcaprolactone,  polyvinylpyrrolidone,  polyvinyl  alcohol, 
polyethylene glycol, exhibit in vivo and in vitro wound healing properties and enhance re-
epithelialization.  They  provide  an  optimal  microenvironment  for  cell  proliferation, 
migration  and  differentiation,  due  to  their  biocompatibility,  biodegradability,peculiar 
structure  and  good  mechanical  properties.  Biocompatible  with  fibroblasts  and 
keratinocytes,  tissue  engineered skin  is  indicated  for  regeneration  and remodeling of 
human epidermis and wound healing improving the treatment of severe skin defects or 
partial-thickness burn injuries. [27,28]
Chitin is a copolymer of N-acetylglucosamine and glucosamine residues linked by β-1,4-
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glycosidic bonds. [31-35] Chitosan is the deacetylated form of chitin. The names chitin 
and chitosan are operational terms, which are not precisely defined. Chitin usually refers 
to  a copolymer with  a degree of  acetylation (DA)  of  more than 40% [i.e.,  degree of 
deacetylation (DD) of less than 60%] and insoluble in dilute acids. The name chitosan is 
used for a copolymer with less than 40% DA (i.e., more than 60% DD) that, in most cases, 
will be soluble in dilute acid. Fungi synthesize chitin and chitosan in their cell walls, while 
the  shells  of  crabs  and  shrimps  and  the  bone  plates  of  squids  and  cuttlefish  are 
composed  of  chitin  only   Pure  chitosan  is  non-toxic,  free  of  antigenic  effects, 
biocompatible, biodegradable and polar  It has been used to prepare a variety of forms 
such as powders, hydrogels, fibers, membranes, beads and porous scaffolds that have 
been  tested  in  many  medical  and  biological  applications.  For  tissue  engineering 
applications,  chitosan  scaffolds  have  been prepared  by  the  freeze  drying  and freeze 
gelation methods and by a 3-axis robotic arm dispensing system and their mechanical 
and biological  properties have been characterized.  [32]The mechanical  and biological 
properties  of  scaffolds  such  as  pore  size,  water  absorption,  sensitivity  to  lysozyme 
degradation, mechanical strength and cellular activities are important parameters for the 
application of the scaffolds in tissue engineering and for organ substitution. 
The mechanical and biological properties of chitosan scaffolds depend on the properties 
of chitosan, such as molecular weight, DA and degree of crystallinity, and on the scaffold 
preparation method used .  The lower  DA chitosan  scaffolds  have smaller  pore sizes, 
ranging from 50 to 100 μm, greater mechanical  strength, moderate water absorption 
properties  and  higher  cellular  activities  than  higher  DA  chitosan  scaffolds[38]  .  The 
lysozyme degradation rate of a chitosan scaffold is inversely related to the molecular 
weight and degree of crystallinity of the chitosan and proportion.[38,39]
Alginates  have  been  used  widely  in  biomedical  applications  because  of  good 
biocompatibility, low cost, and rapid gelation in the presence of calcium ions. However, 
poor  mechanical  properties  and  fabrication-ability  for  three-dimensional  shapes  have 
been obstacles in hard-tissue engineering applications. To overcome these shortcomings 
of alginates,  we suggest a new composite system, consisting of  a synthetic polymer, 
poly(ε-caprolactone), and various weight fractions (10–40 wt %) of alginate. [42] 
The fabricated composite scaffolds displayed a multilayered 3D structure, consisting of 
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microsized composite struts, and they provided a 100% offset for each layer. To show the 
feasibility of the scaffold for hard tissue regeneration, the composite scaffolds fabricated 
were  assessed  not  only  for  physical  properties,  including  surface  roughness,  tensile 
strength,  and  water  absorption  and  wetting,  but  also  in  vitro  osteoblastic  cellular 
responses  (cell-seeding  efficiency,  cell  viability,  fluorescence  analyses,  alkaline 
phosphatase (ALP) activity, and mineralization) by culturing with preosteoblasts (MC3T3-
E1). Due to the alginate components in the composites, the scaffolds showed significantly 
enhanced  wetting  behavior,  water-absorption  (∼12-fold),  and  meaningful  biological 
activities (∼2.1-fold for cell-seeding efficiency, ∼2.5-fold for cell-viability at 7 days, ∼3.4-
fold for calcium deposition), compared with a pure PCL scaffold.
Pectin  is  a  naturally  occurring  biocompatible  and  biodegradable  polymer.  It  has  a 
branched structure and is commonly extracted from citrus peels. The ionic interaction 
between  Ch  amino  groups  and  P  carboxyl  groups  leads  to  the  formation  of  a 
polyelectrolyte  complex  (Ch-P).  This  complex  can  be  mechanically  reinforced  by  the 
addition of crosslinking agents such as calcium m ions . Various methods can be found in 
the literature for the obtainment of porous structures, such as electrospinning, freeze-
drying, and solvent casting with the introduction of porogenic agents as Pluronic (Pl), a 
non-ionic  surfactant.  In  this  context,  the  aim  of  this  study  is  to  evaluate  the 
characteristics of scaffolds obtained by the complexation of chitosan with pectin in the 
presence or absence of Pl. [45]
In an effort to find suitable biomaterial candidates for fabricating scaffolds, gelatin was 
chosen in this study because it is a derivative of collagen that is the major constituent of  
skin, bones and connective tissue. Gelatin does not exhibit antigenicity, and practically, it  
is one of the most convenient proteins to use because it is much cheaper than collagen. 
The  chemical,  physical  and  biological  properties  of  gelatin  scaffolds,  including  cross 
linking degree, morphology, swelling ratio, compressive modulus, degradation rate, cell 
attachment,  and  cell  proliferation  were  studied  to  compare  with  those  of  collagen 
scaffold. 
A few researcher think that the plasticity of stem cells is due to the cell fusion between 
adult stem cells and skin cells,  but we think that the plasticity of stem cells is definite, 
and the stem cell  niche (microenvironment) plays an important role in regulating the 
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balance of self-renewal and differentiation in all stem cells. Thus, it is important to note 
that creating a suitable microenvironment is the key issue for stem cells to survive and 
participate in regeneration and repair of a burn wound.
2.5 Blending of polymers : 
As we know that each and every polymers have their own characteristics and properties 
so in order to achieve a desirable or ideal characteristic there is need to do blending of  
polymers. Blending of polymers is also important to provide good stability and strength. 
Blending is necessary in order to improve various properties such as therapeutic efficacy , 
stability, strength, etc. 
2.6 Solvents system :
Solvent system is very important to prepare scaffolds . There are so many solvents that 
are available to prepare scaffolds but most of them are either toxic or very expensive. By 
surveying literature review come to the point there is requirement of solvents that has 
potential to dissolve polymers and also stable with composition.[35,36] List of selected 
solvent according to the characteristic property of polymers are listed in literature review 
Table 2.6.1
Tables 2 6.1 :  Literature review  of solvent system
                         
POLYMERS
                            
              SOLVENTS       R.F
Chitosan G.A/  1 g of chitosan in 900 ml of 
distilled water containing 10 ml of 
glacial acetic acid with the aid of a 
magnetic stirrer/ g
[35,36]
Gelatin Concentrated aqueous formic 
acid/water with ratios (100/0, 75/25, 
50/50 and 75/25, %v/v) as solvent/we 
used ethyl acetate in concert with 
acetic acid / hot 
[35,36]
11
water/glycerol/Phosphate buffer 
solution / 40 percent acetic acid
Alginate
Deionized water/ Cold and hot water
[40,41]
 Pectin Water / cold water [41,42]
 PLGA  DCM,chloroform [65,67]
 PCL   DCM, chloroform [65,67]
 
2.7 GROWTH FACTOR :
Growth factors  are  biologically  active polypeptides which are  involved in  cell  growth, 
differentiation, proliferation, migration and metabolism. 48 GF effects are a consequence 
of the specific binding to their receptors which activates a cascade of molecular events. 
All stages of the healing process are controlled by a wide variety of GFs and cytokines. 
This review sums up the major GFs involved in wound healing and skin repair, particularly 
focusing on: epidermal growth factor (EGF), platelet derived growth factor (PDGF), basic 
fibroblasts growth factor (bFGF), transforming growth factor-β (TGF-β), insulin-like growth 
factor  (IGF)  and vascular  endothelial  growth factor  (VEGF)  families.   shows the main 
functions of the GFs involved in wound healing and skin regeneration. These molecules 
are considered especially important in wound healing because GFs play an important role 
in stimulating granulation tissue formation, modulating the inflammatory response and 
promoting  angiogenesis.Further,  GFs  are  necessary  for  successful  matrix  formation, 
remodeling and re-epithelisation process.  In  chronic  wounds the GF levels have been 
proven to decrease 48; thus, an interesting strategy to promote healing is their external 
administration. However, Gfs present some critical limitations due to their low in vivo 
stability. It is well known that many proteases are activated in the wound bed, that can 
easily degrade the GFs physiologically produced and those externally applied via injection 
or topically.  To overcome the previous shortcomings, in the last years multiple DDSs have 
been developed to improve the stability of the GFs at the wound site, allowing sustained 
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release, and ultimately optimising treatment effectiveness. 
Table 2.7.1 Literature review about growth factor
 GROWTH FACTOR  TYPE OF CELL     FUNCTION  R.F
Platelet-Derived 
Growth Factor 
(PDGF)
Platelets, 
macrophages, and 
endothelial cells
Attracts macrophages 
and fibroblasts to zone of 
injury. Promotes collagen 
and proteoglycan 
synthesis.
      [46,47]
Interleukins Macrophages, 
keratinocytes, 
endothelial cells, 
lymphocytes, 
fibroblasts, 
osteoblasts, 
basophils, mast cells
IL-1: Proinflammatory, 
chemotactic for 
neutrophils, fibroblasts, 
and keratinocytes. 
Activates neutrophils
IL-4: Activates fibroblast 
differentiation. Induces 
collagen and 
proteoglycan synthesis.
IL-8: Chemotactic for 
neutrophils and 
fibroblasts.
      [52,58]
        
Vascular Endothelial 
Growth Factor (VEGF) 
Endothelial cells Promotes angiogenesis 
during tissue hypoxia
 
        [46,52]
Keratinocyte growth 
factor 
Fibroblasts Stimulates keratinocyte 
migration, differentiation, 
   
        [55,56]
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and proliferation.
Epidermal Growth 
Factor (EGF)
Platelets, 
macrophages
Stimulates fibroblasts to 
secrete collagenase to 
degrade the matrix 
during the remodeling 
phase. Stimulates 
keratinocyte and 
fibroblast proliferation. 
May reduce healing time 
when applied topically. 
        [59,60]
stem cells have properties of self-renewal and multipotency. Adult stem cells can produce 
differentiated  skin  cells.  BMSCs  can  differentiate  into  multiple  skin  cell  types  and 
contribute  to  wound  repair. Labeled  BMSCs  can  be  observed  in  the  epidermis, hair 
follicles,  sebaceous  glands,  blood  vessels  and  dermis  in  full-thickness  wounds.  The 
incorporated cells in hair follicles and sebaceous glands are positive for pan-cytokeratin. 
ADSCs, which are delivered via the a  cellular dermal matrix, can survive after  in vivo 
engraftment, spontaneously differentiate along the vascular endothelial, fibroblastic and 
epidermal epithelial lineages and significantly improve wound healing. 
A few researcher think that the plasticity of stem cells is due to the cell fusion between 
adult stem cells and skin cells,  but we think that the plasticity of stem cells is definite, 
and the stem cell niche (micro environment) plays an important role in regulating the 
balance of self-renewal and differentiation in all stem cells. Thus, it is important to note 
that creating a suitable micro environment is the key issue for stem cells to survive and 
participate in regeneration and repair of a burn wound.
Second,  the paracrine effect  of  adult  stem cells  can promote the progress of  wound 
healing. An in vitro study indicated that collagen synthesis and levels of bFGF and VEGF 
were much higher in BMSCs than those in dermal fibroblasts. Fathke et al. showed that 
the BMSCs were able to transcribe types I and III collagen, whereas the wound-resident 
cells transcribed only type I collagen.  In an excisional wound splinting model in diabetic 
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mice, wounds to which allogeneic BMSCs were applied demonstrated accelerated closure 
and high levels of VEGF and angiopoietin-1, suggesting that BMSCs had promoted wound 
healing  through  a  direct  contribution  and  release  of  proangiogenic  factors.  ADSCs 
promote  human  dermal  fibroblast  proliferation  by  direct  cell-to-cell  contact  and  by 
induced paracrine  activation,  which significantly  accelerates  the re-epithelialization  of 
cutaneous wounds. These studies suggest that the ability of adult stem cells to alter the 
tissue  microenvironment  via  secretion  of  soluble  factors  may  contribute  more 
significantly than their multipotential differentiation to tissue repair.
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CHAPTER 3 
MATERIALS AND METHODS 
3.1 Materials : 
High  molecular  weight  chitosan  (310000-375000  Da)  with  more  than  75% 
deacetylation ,PCL of  molecular  weight  (Average Mn 80,000 Da),  PLGA  of  molecular 
weight (Mw 76,000-115,000 Da) and Type A gelatin    were purchased from Sigma-Aldrich. 
TFAA  ,  glacial  acetic  acid,  DCM  were  used  to  dissolved  polymer  for  airbrushing  as 
mentioned in the table were purchased from Sigma- Aldrich. A Magnetic stirrer was used 
to dissolve and   to get uniform distribution of polymer in the solvent. chitosan , gelatin,  
PCL, PLGA and their blending ratio in a respective solvent for the specific time period as 
mentioned in the table. A commercially available airbrush configured for painting (Master 
Airbrush, G222-SET, gravitational feed, 0.3 mm nozzle diameter, gravitational feed) was 
used to make up nanofiber scaffolds. Nitrogen  gas was used as a propellant to blown up 
the  solution  through  airbrush  nozzle  in  order  to  make  nanofibers.  2-4  bar  nitrogen 
pressure was used. Vacuum pump, plastic net and plastic funnel were used to trap the 
nanofibers so fibers were not moving all around and to get uniform distribution as shown 
in  the  schematic  diagram.  Karl  Zeiss  microscope  was  used  to   optimize  microscopic 
feature of nanofibers.
3.2 Methodology : 
3.2.1 Preparation of polymer composition :
By literature review come to know that natural polymers are good for the preparation of 
in-.situ scaffold as their degradation time is less that suit the criteria of skin healing.  
Synthetic  polymers  are  good  in  providing  strength  to  the  nanofibers.  After  selecting 
appropriate solvent  mentioned in the table that suits the characteristics of polymers. A 
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preparation of composition takes place by taking a different ratio of the polymer such as 
70:30, 40:60, 50:50, 20:80 vice versa. There are few key parameters that are important 
to make effective scaffold such as pore size ,water uptake capacity, stability and strength 
,compatibility , degradation behavior.
3.2.2  polymers blending : 
As we know that each and every polymers have their own characteristics and properties 
so in order to achieve a desirable or ideal characteristic there is a need to do blending of 
polymers. A blending of polymers is also important to provide good stability and strength. 
Blending is necessary in order to improve various properties such as therapeutic efficacy , 
stability, strength, etc. 
Table 3.2.1  Nanofibers properties and composition
 Polymer   Solvent Composition Stirring time Weight 
ratio 
    
  R.F
 
   Chitosan / gelatin  Acetic  acid, 
water, TFAA
10  %  of 
Chitosan  in 
TFAA 
25 % of  gelatin 
in 
30  %  of  water 
and  70  %  of 
Acetic acid
Chitosan-24 
hrs
PCL- 15 mins
     1:2
    
[35,38]
    Chitosan / pcl DCM,TFAA  5% of chitosan 
in 60 percent of 
DCM and  40  of 
TFAA
 5%  of  PCL  in 
DCM
Chitosan-24 
hrs
PCL- 15 mins
     1:1   
[35, 52]
    Chitosan / plga DCM, TFAA 5%  of  chitosan 
in 60 percent of 
DCM and  40  of 
TFAA
10% of PLGA in 
DCM
Chitosan-24 
hrs
PLGA -5 mins
     1:2
  
 [35,67]
    Gelatin Acetic  acid, 
ethanol,
water
 25 % of gelatin 
in  20%  of 
ethanol, 20% of 
water  and  60% 
 Gelatin-  24 
hrs
      -
  [42]
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of Acetic acid
3.2.3 Operation of air brush :  
Align the needle cap on the airbrush so that the needle does not  touch the cap, leaving 
just sufficient room for air to running away. Try spraying your solution on scratch paper to 
check the practice and consistency using the button and lever on your airbrush. For the 
fast effect, support the airbrush about 20 cm (8 inches) away from the surface. When a 
fast moving gas stream is entering into the atmosphere and across the tip of the vertical  
tube, it is forced to travel a curved path up, over and downward on the another  side of 
the tube. This curved path creates a lower pressure on the inside of the curve at the top 
of the tube. This curve is responsible in making lower pressure adjacent to the tube and 
the atmospheric  pressure further  goes up is  the net  force causing the curved,  radial 
acceleration) shown by Bernoulli's principle.
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                         Figure 3.2.1 :  schematic diagram of experimental set up
3.2.4 Trapping of nanofibers and microscopic studies
Nanofibers were moving all over around hood , so vacuum pump was used to trap the 
nanofibers blown up through airbrush needle for the deposition of nanofiber scaffold for 
further  studies.  A  layer  of  nanofibers  scaffold  was  deposited  on  the  plastic  net  and 
nanofibers mats were peeled off for observing microscopic characteristics. A Karl Zeiss 
microscope was used for  the study and optimization  of  various parameters  such as 
diameter, uniform distribution, and a water droplet.
3.2.5 Degradation study : 
Degradation  study  was  initiated  with  given  blends  of  polymer.  In  phosphate  buffer 
solution, at 7.4 PH under continuous stirring. Initial weight of the samples was taken.
1. PCL + Chitosan
2. Chitosan + PLGA
After 1 week of the degradation study, samples were removed from PBS solution and kept 
24 hours.  After complete drying of  samples,  weights were taken and procedure were 
repeat for second week.
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CHAPTER 4
RESULTS AND DISSCUSSION 
4.1 Nanofibers scaffold properties :
 To obtain nanofibers of desire properties so there is always need to optimize certain key 
parameters.  Each  and  every  parameter  has  it  own  importance  to  get  specific 
characterization in nanofibrous scaffolds. Deposition rate for airbrushing was determined 
by measuring how long it took to deposit a known volume of polymer solution of a known 
concentration.  Composition  and  solvent  is  also  important  factor  which  alter  the 
microscopic properties. Using of less toxic solvents to prepare nanofiber scaffolds was 
one of the important processing condition as motive was to prepare insitu formation of 
nanofiber scaffolds for skin regeneration.
 Table 4.1.1: Processing conditions & nanofiber scaffold properties.
polymer Chitosan- 
Gelatin
 Gelatin Chitosan-PCL Chitosan-PLGA
Molecular 
weight
Chitosan: 
310000-375000 
Da
Type A gelatin
Type A gelatin Chitosan    : 
310000-375000 
Da
PCL : Average Mn 
80,000
PLGA: 
Actide:glycolide 
75:25, Mw 76,000-
115,000  (Aldrich)
Chitosan    : 
310000-375000 
Da
Solvent Acetic  acid, 
water, TFAA
Acetic  acid, 
ethanol,
water
DCM,TFAA DCM, TFAA
Compositio
n 
10 % of Chitosan 
in TFAA 
25  %  of  gelatin 
in 
30  %  of  water 
and  70  %  of 
 25 % of gelatin 
in  20%  of 
ethanol, 20% of 
water  and  60% 
of Acetic acid
5% of  chitosan in 
60 percent of DCM 
and 40 of TFAA
 5% of PCL in DCM
5% of  chitosan  in 
60 percent of DCM 
and 40 of TFAA
10%  of  PLGA  in 
DCM
20
Acetic acid
Stirring 
time
Chitosan-36 hrs
Gelatin – 12 hrs
Gelatin- 24 hrs Chitosan-24 hrs
pcl- 15 mins
Chitosan-24 hrs
PLGA -5 mins
Weight 
ratio
           1:2              -           1:1            1:2
Time  taken 
to  deposit 
1ml 
solution(se
c)
         110 sec       135 sec          92 sec           85 sec
Deposition 
rate 
(ml/min)
          0.54           0.45            0.64             0.70
4.2 Formation of chitosan - gelatin nanofiber scaffolds 
• 10%  of Chitosan in TFAA 
• 25 %  of Gelatin  in 30% of water and 70 % of acetic acid 
  
Table 4.2.1: Effect of pressure by taking constant target distance on nanofiber scaffold
polymer  Target 
distance (cm)
 Pressure (bar) Weight ratio       Observation  
 Chitosan – Gelatin           25              4        1:2     Beads and water
droplets were seen.
 Chitosan – Gelatin            25              3        1:2     Beads and water
droplets.
 Chitosan – Gelatin            25              2        1:2  Lesser  number  of 
beads  and  water 
droplets were seen.
 Chitosan – Gelatin            25            1.5        1:2  Fibers  were  seen 
without  water 
droplets and beads.
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Table 4.2.2 Effect of target distance by taking constant pressure on nanofiber scaffold
polymer  Target 
distance (cm)
 Pressure (bar) Weight ratio       Observation  
 Chitosan – Gelatin            40            1.5        1:2     Thick fibers were 
seen
 Chitosan – Gelatin            30            1.5        1:2      Fibers were seen
 Chitosan – Gelatin            25            1.5        1:2  Fibers  were  seen 
with  uniform 
distribution
Airbrushing  was  able  to  fabricate  nanofiber  scaffolds  from different  blended  ratio  of 
chitosan and gelatin .The solvent systems for airbrushing given in Table 4.1 were adapted 
from previous information on polymer solubilities. However, trial and error was required 
to identify the optimal polymer concentrations and other airbrushing parameters reported 
in  Table.  When the polymer concentration was  too high,  the airbrush clogged.  When 
polymer concentration was too low, the mats were gummy, they did not dry, fibers did 
not form, and there were beads instead of nanofibers. 
Effect of target distance is also a very important and need to optimize in order to get 
effective results. Airbrushed nanofibers frequently appeared as loosely packed bundles of  
aligned nanofibers that contained 10 -100 nanofibers per bundle. Initially 25 % of gelatin 
and 10 % of Chitosan were prepared with Acetic acid and water as mentioned in table. 
Drying was also done for 30 minutes at 37 degree C temperature, and drastic decrease in 
the water droplets and beads were observed. 
Fibers  obtained  were  very  light  and  moving  all  around.  High  pressure  made  the 
nanofibers more gummy and sticky.  After decreasing the pressure and optimizing the 
distance, collection of nanofibers were done on the plastic net as shown in schematic 
diagram 
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                Figure 4.2.1 :  SEM image of Chitosan – Gelatin nanofiber at 30 kx
               
                    Figure 4.2.2 :  SEM image of Chitosan – Gelatin nanofiber at 15 kx
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               Figure 4.2.3 :  SEM image of Chitosan – Gelatin nanofiber at 10 kx
                    Figure 4.2.4 :  SEM image of Chitosan – Gelatin nanofiber at 9 kx
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                Figure 4.2.5 :  SEM image of Chitosan – Gelatin nanofiber at 10 kx
  
    4.3  Formation of gelatin nanofibers :
            25 % of gelatin in 20 % of water, 20 % of ethanol and 60 % of water
                   
 Table 4.3.1   Effect of pressure by taking constant target distance
polymer  Target 
distance (cm)
 Pressure (bar)       Observation  
        Gelatin             25              3      Beads were seen
        Gelatin             25              2  Fibers were observed with 
uniform distribution
        Gelatin             25              1 Fibers were not seen
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                      Figure 4.3.1 :  SEM image of  Gelatin nanofiber at 30 kx
  
                      Figure 4.3.2 :  SEM image of  Gelatin nanofiber at 25 kx
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The  addition  of  ethanol  to  the  composition  of   gelatin  with  acetic  acid  made  the 
nanofibers  more uniformly distributed. After optimizing certain parameters, best result 
was obtained when the pressure was 2 bar.  There were no broken fibers seen during 
microscopic studies. 
Increasing the pressure made the increment in a number of beads and decreasing the 
pressure made the nanofibers more sticky and gummy, so the optimum pressure was 
needed to get effective and desirable results.  
When the  polymer  concentration  was  too  high,  the  airbrush  clogged.  When  polymer 
concentration was too low, the mats were gummy, they did not dry, fibers did not form, 
and there were beads instead of nanofibers
                                           
4.4 :  Formation of  chitosan – pcl nanofiber scaffolds 
5 % of chitosan in 60 % of DCM and 40 % of TFAA
5 % of PCL in DCM
Table 4.4.1 Effect of pressure by taking constant target distance on nanofibers
polymer  Target 
distance (cm)
 Pressure (bar) Weight ratio       Observation  
 Chitosan – PCL            25              2        1:1     Thick fibers were 
seen
 Chitosan – PCL            25              3        1:1     Fibers were seen 
 Chitosan – PCL            25              4        1:1   Water droplet were 
seen
 Chitosan – PCL            25              5        1:1  More  water  droplet 
were seen
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Table 4.4.2 Effect of target by taking pressure distance on nanofibers
polymer  Target 
distance (cm)
 Pressure (bar) Weight ratio       Observation  
 Chitosan – PCL            10              3        1:1     Fibers  were  not 
formed
 Chitosan – PCL            15              3        1:1    Fibers  were  seen 
but  uniform 
distribution was  not 
seen
 Chitosan – PCL            25              3        1:1  Good  fibers  were 
seen
 Chitosan – PCL            30              3        1:1  droplets were seen
       
                        Figure 4.4.1 :  SEM image of Chitosan- PCL nanofiber at 5 kx
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                  Figure 4.4.2 :  SEM image of  chitosan-PCL nanofiber at 25 kx
                         Figure 4.4.3 :  microscopic image of  Chitosan-PCL  nanofiber 
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Airbrush was able to fabricate chitosan - PCL nanofibers but a basic challenge was to 
reduce the amount of  TFAA and PCL in blending composition with Chitosan to maintain 
degradation rate  that suits the criteria for skin healing. The addition of PCL provided 
strength  to  the  nanofiber  scaffold.  Stirring  time was  one  of  the  important  factors  to 
prepare a uniform solution of chitosan  as the first formation of gel was take place then 
gradually viscosity get reduces. Drying of nanofiber scaffold was taken place that helps in 
the reduction of beads and water droplets.  Best results were obtained in 1:1 using 3 bar 
pressure and 25 cm target distance.       
4.5 Formation of chitosan – PLGA nanofiber scaffolds: 
5 % of chitosan in 60 % of DCM and 40 % of TFAA
10 % of PCL in DCM
Airbrush was able to fabricate chitosan-PLGA nanofiber scaffold. Fibers of chitosan-PLGA 
were very thin and moving all over round ,so it was challenge to deposit these nanofibers 
for further studies. For that purpose vacuum pump was used to trap the nanofibers for 
the deposition of thick layer. When Blending time was less ,water droplets were more so it 
was   also one of the important factor to get uniform distribution of nanofibers without 
getting any  water droplets.
   
  Table 4.5.1    Effect of pressure by taking constant target distance on nanofibers
polymer  Target 
distance (cm)
 Pressure (bar) Weight ratio       Observation  
 Chitosan – PLGA            25              2        1:2     Very  less  fibers 
were moving
 Chitosan – PLGA            25              3        1:2     Fibers were seen 
 Chitosan – PLGA            25              4        1:2   Water droplet were 
seen
 Chitosan – PLGA            25              5        1:2  More  water  droplet 
were  seen  due  to 
high pressure
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Figure 4.5.1 :  SEM image of  chitosan-PLGA nanofiber at 5 kx
              
                    figure 4.5.2 :  SEM image of  chitosan-PLGA  nanofiber at 24 kx
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                   Figure 4.5.3 :  microscopic image of  chitosan-PLGA  nanofiber
Optimization of pressure ,target distance, and concentration was also an important step 
to achieving desirable properties that suit the skin healing time. Optimization was done 
step by step as shown in above tables. Effect of pressure was checked by taking constant 
temperature and changing the pressure from 1 bar to 5 bars in order to optimize water 
droplets ,beads and Diameter of nanofibers. Later then the effect of target distance was 
checked by taking the same pressure and changing the target distance from 10 to 40 cm 
as shown in tables. Several observations were studied for different blended polymers to 
get  the  most  appropriate  one  among  all.  It  has  been  proven  that  the  distance  (H) 
between the collector and the airbrushed needle can also affect the fiber diameter and 
morphologies . In brief, if the  distance is too short, the fiber will not have sufficient time 
to solidify before reaching the collector, whereas if the target distance is too long, bead 
fiber  can  be  acquired.  It  is  well  known  that  one  important  physical  aspect  of  the 
electrospun fiber is the dryness from the solvent, so optimum distance is recommended. 
it is also important to point out that the molecular weight is not always essential  for  
airbrushing if sufficient intermolecular interactions can be supplied by oligomers.
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4.6  Size distribution of nanofibers of gelatin :
 size Distribution of nanofibers was done by using ImageJ software. 100 count was taken 
as  a  sample.  The  average  size  of  nanofibers  was   436.913 nm.  A  minimum size  of 
nanofiber  was  158.114  nm  and  maximum  size  of  nanofiber  was  942.130nm  .  The 
maximum number of nanofibers  were in the range of 354 – 452 nm. Pressure, target 
distance, and concentration were the important factor that needs to optimize in order to 
get the desired size.
          Figure 4.6.1 : Graph plotted at image j that shows size distribution of gelatin  
nanofibers
            
      Figure 4.6.2 : Graph plotted that shows size distribution of gelatin nanofibers           
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 4.7  Size distribution of nanofibers of chitosan- gelatin :
size Distribution of nanofibers was done by using ImageJ software. 100 count was taken 
as a sample. The average size of nanofibers was 378 nm. A minimum size of nanofiber 
was 181 nm and maximum size of nanofiber was 742 nm . The maximum number of  
nanofibers were present  in  the range of  271-371 nm. Pressure,  target distance,  and 
concentration were the important factor that needs to optimize in order to get the desired 
size.
Figure 4.7.1 : Graph plotted at image j that shows size distribution of Chitosan - gelatin 
nanofibers
         
 Figure 4.7.2 : Graph plotted that shows size distribution of chitosan - gelatin nanofibers 
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4.8 Size distribution of nanofibers of chitosan- PCL :
size Distribution of nanofibers was done by using ImageJ software. 100 count was taken 
as a sample. The average size of nanofibers was 308 nm. A minimum size of nanofiber 
was 107 nm and maximum size of nanofiber was 656 nm . The maximum number of  
nanofibers  were  present  in  the  range of  217-326 nm.  Pressure,  target  distance,  and 
concentration were the important factor that needs to optimize in order to get the desired 
size.
Figure 4.8.1 : Graph plotted at imagej that shows size distribution of Chitosan - gelatin 
nanofibers
   
Figure 4.8.2 : Graph plotted that shows size distribution of Chitosan - gelatin nanofibers
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4.9 Size distribution of nanofibers of chitosan- PLGA :
size Distribution of nanofibers was done by using ImageJ software.  A 50 count was taken 
as a sample. The average size of nanofibers was 214  nm. A minimum size of nanofiber 
was 117 nm and maximum size of nanofiber was 318 nm . The maximum number of  
nanofibers  were  present  in  the  range of  217-326 nm.  Pressure,  target  distance,  and 
concentration were the important factor that needs to optimize in order to get the desired 
size. 
Figure 4.9.1 : Graph plotted at imagej that shows size distribution of Chitosan - gelatin 
nanofibers
               
     Figure 4.9.2 : Graph plotted that shows size distribution of Chitosan - PLGA nanofibers
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-4.10  Encapsulation of growth factor in nanofibers scaffold :  
The purpose was to check the encapsulation efficiency of encapsulant within an aqueous 
solution  of  polymers. Hydrophilic dye Alexa fluor 546 was added in the gelatin solution 
and amount  of  dye  was  5  microliters  for  2  ml  of  solution.   After  addition  of  dye  in 
respective  composition,  vortexing  was  done  for  the  dissolution  of  dye  within  a 
composition later the operation of airbrush take place . Results were very good and there 
were no water droplets and beads as seen in figure
      
        Figure4.10.1 : Encapsulation of hydrophilic dye in nanofibers scaffold
            
         Figure 4.10.2 : Encapsulation of hydrophilic dye in nanofibers scaffold
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4.11 Degradation result :  
Degradation rate was checked for first and second week . After taking final readings for 
two week. A percentage weight loss was calculated as it is shown in graph 
Table 4.11.1 :  Degradation data table for two weeks
Chitosan + PLGA Chitosan + PCL
Initial Wt. ( mg) Final Wt. ( mg) Initial Wt. ( mg) Final Wt. ( mg)
After 1 week
Sample 1                 2.8 2.5 3.4 3.3
Sample 2 2.5 2.4 5.1 4.9
Sample 3 2.2 2.0 2.0 1.9
Sample 4 1.5 1.4 2.4 2.2
After 2 week
Sample 1  2.8 2.3 3.4                 3.2
Sample 2 2.5 2.2 5.1                 4.8
Sample 3 2.2 1.9 2.0                 1.9
Sample 4 1.5 1.3 2.4                 2.2
      Figure 4.11.1 :  graph of  weight percentage loss of chitosan-PLGA in two weeks
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           Figure 4.11.2 : graph of  weight percentage loss of chitosan- PCL
Four sample of each PLGA-chitosan and chitosan-PCL were observed and readings were 
taken. weight loss was observed with respect to their initial weight and there was 15 % to 
25% percentage weight loss for both blended nanofibers scaffold.
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Chapter 5
Conclusion
skin burning is one of the major problems in the world. An Electrospinning method is the 
most common method to prepare nanofiber scaffold but main challenge was to prepare in 
situ formation of nanofiber scaffold that was not possible in electrospun nanofiber due to 
its static target. Scaffolds of different blended polymers were designed in such a way so 
they can  heal  according to healing time of skin.  An airbrushing method for making 
nanofiber scaffolds has been compared to the more common electrospinning approach 
and  assessed  for  its  ability  to  support  stem  cell  differentiation.  When  compared  to 
electrospinning, airbrushing is 100Â less expensive, easier to use, safer and 10Â faster. 
Airbrushing and electrospinning have similar reproducibility for nanofiber diameter, both 
are able to make nanofibers from a wide range of polymers and both can support cell  
adhesion, proliferation, and differentiation. The nanofiber scaffolds containing polymers 
should not only serve as a substrate for skin regeneration but may also deliver growth 
factor and would provide a micro environment, within a controlled manner during healing. 
Therefore, it could accelerate the burn-wound closure rate
40
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